Solution Structure Calculation and Dynamics Characterization of Ribosomal Protein S1 from Mycobacterial tuberculosis by 黄碧玲
  
学校编码：10384                                分类号      密级      




硕  士  学  位  论  文 
                                           
结核分枝杆菌核糖体蛋白 RpsA 的溶液 
结构解析和动力学研究 
Solution Structure Calculation and Dynamics 





指导教师姓名： 吴学记 副教授                           
专  业 名 称： 化学生物学 
论文提交日期： 2016年 5月 
论文答辩时间： 2016年 5月 
学位授予日期： 2016年  月 
 
答辩委员会主席：           
评    阅    人：           















Solution Structure Calculation and Dynamics 





A Thesis Presented 
by 
Biling Huang 




SUBMITTED TO THE GRADUATED SCHOOL OF XIAMEN 
UNIVERSITY 

























另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：             






























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 






声明人（签名）：             























POA）。POA 作用于结核杆菌核糖体蛋白 S1（Mycobacterium tuberculosis ribosomal 





与 MtRpsACTD_S1 相互作用以及 POA 抑制反式翻译过程的分子机制尚未清楚。 
因此，本论文主要研究 MtRpsACTD_S1 的溶液结构及其动力学特征，希望为
后续的MtRpsACTD_S1 与 POA和 tmRNA的相互作用研究以及药物设计提供一定
的理论基础。 
本论文采用基因重组技术和同位素标记技术制备了 15N 和 13C 标记的
MtRpsA
CTD
_S1 蛋白质样品，利用 NMR 技术，于 Bruker Avance Ⅲ 850MHz 采
集一系列二维、三维和动力学谱图，用于该蛋白质溶液结构解析和主链动力学数
据分析。MtRpsACTD_S1 溶液结构是一个典型的寡核苷酸结合结构域，由 5 个反
平行 β 折叠、2 个 α 螺旋和 2 个 310 螺旋组成。在 20 个能量最低的结构中，其二
级结构区骨架所有原子及所有重原子的 RMSD 分别为 0.5 和 0.8，拉氏构象图中
有 89.2%的残基分布于最优区。然而，MtRpsACTD_S1 溶液结构与其晶体结构存




_S1 的 15N 主链驰豫数据表明，L326-V333 的 NOE 数值低于平均
值 0.73，它们在 ps-ns 时间尺度内有较大幅度的、比较不受限的运动，这与其无























较刚性，Q295-K300、E314-E318、R329-H330 和 D343-V346 区域的 S2 数值分布
于 0.7-0.9 之间，这些区域在 ps-ns 时间尺度内有本体的结构柔性。H322 的亲水
侧链位于 β 桶的外侧，并且邻近 POA/RNA 的结合表面，它的这种具有构象交换


























In 1882, German bacteriologist Robert Koch identified the mycobacterium 
tuberculosis (M. tb) as the causative agent of tuberculosis (TB). TB is still one of the 
world’s highest mortality and morbidity of infectious diseases. There is an 
unprecedented challenge for TB treatment that requires a combination therapy of four 
front-line drugs, including pyrazinamide (PZA). As an irreplaceable pro-drug for TB 
treatment, PZA is absorbed into M. tb via passive diffusion and hydrolyzed 
intracellularly to bactericidal form pyrazinoic acid (POA) by pyrazinamidase encoded 
by pncA gene. It is reported that POA targets to the C-terminal S1 domain of 
Mycobacterium tuberculosis ribosomal protein S1 (MtRpsA
CTD
_S1) to inhibit the 
transfer-messenger RNA (tmRNA) mediated trans-translation. However, the 
molecular mechanisms of MtRpsA
CTD
_S1 interactions with tmRNA and 
trans-translation inhibition by POA still remain unclear. 
Therefore, we focus on the study of the solution structure and dynamic properties 
for MtRpsA
CTD
_S1, which lay foundation for further interactions investigation 
between MtRpsA
CTD
_S1 and POA/tmRNA, designing drugs for TB treatment. 
In this paper, we prepared the MtRpsA
CTD
_S1 sample by gene recombination and 
isotope labeling techniques, and collected a series of 2D, 3D and dynamics spectra for 
its solution structure calculation and dynamics analysis. The solution structure of 
MtRpsA
CTD
_S1 is a typical oligonucleotide-binding fold, mainly consists of five 
anti-parallel β sheets, two α helices, and two 310 helices. The average RMSD values 
are 0.5 for all backbone atoms and 0.8 for all heavy atoms for secondary structure of 
20 lowest energy structures, and Ramachandran plot analysis of the best structures 
indicates 89.2% of residues are located in the favored allowed regions. However, 
there are some difference between solution structure of MtRpsA
CTD
_S1 and its crystal 
structure with RMSD 1.2. The fragment (residues H322-A339) tends to be far away 


















N spin relaxation data show that L326-V333 undergoes large amplitude 
fluctuations and unstricted motions on picosecond to nanosecond time scale for a 
characteristic of random coil conformation with lower NOE values. In addition, the 
highest NOE value of 0.94 for residue H322, suggesting that its motion is much more 
restricted. Four residues V321 (19.93 s
-1
), H322 (13.6 s
-1





) with large Rex values, which is consistent with low-frequency component 
J(ω0). The generalized order parameter S
2 
with average value of 0.93, suggesting the 
overall structure of MtRpsA
CTD
_S1 is highly rigid. And the fragments Q295-K300, 
E314-E318, R329-H330, D343-V346 with low S
2 
values (0.7 < S
2
 < 0.9), indicating 
their fast local structural flexibility on picosecond to nanosecond time scale. The 
hydrophilic side-chain of H322 is positioned outside of the β-barrel, and its high 
conformational flexibility suggests a role of H322 in positioning adjacent to the 
binding surface of POA or RNA to, for example, control POA/RNA access to the 
binding site. 
Our work provides certain theoretical basis for the molecule mechanism of 
MtRpsA
CTD


























APS Ammonium persulphate 
ARIA Ambiguous Restraints for Iterative Assignment 
CD Circular dichroism 
CNS Crystallography & NMR system 
CSI Chemical shift index 
FPLC Fast performance liquid chromatograph 
HSQC Heteronuclear single quantum correlation 
IPTG Isopropyl β-D-1-thiogalactopyranoside 
pI Isoelectric point 
NMR Nuclear magnetic resonance 
NOE Nuclear Overhauser Effect 
TEMED N,N,N,N-Tetramethyl-Ethylenediamime 
PDB Protein Data Bank ppm Parts per million 
PMSF Phenylmethanesulfonyl fluoride ppase Prescission protease 
PCR Polymerase chain reaction 
SDS-PAGE Sodium dodecyl sulphate polyacrylamide gel electrophoresis 
TOCSY Total correlation spectroscopy 
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第一章 绪 论 
1.1 结核病概述 
1.1.1 结核分枝杆菌 












发 布 的 2015 年 全 球 结 核 病 报 告 中
（http://www.who.int/tb/publications/global_report/en/）指出，在 2014 年新增了大
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